Figure 1. Location of the Three Gorges Reservoir (TGR) in China.
incomplete. Currently, the best way to estimate changes in the total water mass, and thus groundwater changes, is through data from the Gravity Recovery and Climate Experiment (GRACE), a dedicated dual-satellite mission launched in March 2002 as a joint partnership between NASA and the German Space Agency. GRACE delivers monthly observations of the total mass changes across the earth at 400km resolution.
According to basic principles of hydrology and water balance, changes in total mass/water storage (TWS) in the TGR area could be expected to be caused mainly by water impoundment (TGR), groundwater storage change due to TGR seepage (GW), and natural variations in soil moisture (SM). That is, TWS D TGR C GW C SM. In an initial study, 2 we obtained changes in total mass/water storage (TWS) in the TGR area from GRACE observations. We also simulated SM using the WaterGAP Global Hydrology Model (WGHM). 3 If negligible water was being lost by seepage into groundwater (GW D 0), the residual (i.e., difference) between the GRACE estimate and the WGHM simulation would be equal to the water impounded in the reservoir: TGR D TWS SM. Our results showed that before 2008, GRACE-WGHM estimates (TWS SM) agreed with TGR in situ water volume measurements during the first two impoundment phases, but were much greater (11.51 vs. 6.47km 3 / following the third impoundment phase after 2008 (see Figure 3 ). This substantial increase might indicate a large quantity of water lost (GW 0) from the TGR in the recharge of the underlying aquifer, especially when water levels increased from 156 to 175m in October of that year. 2 The total impounded water volume of the TGR consists of static volume and wedge storage (created during a flood wave when inflow exceeds outflow). Our most recent study 1 showed that in situ stored water volumes were reported by the China Three Gorges Corporation, 4 which operates the TGR, as near static. In other words, the measurements only took into account the water level at the dam and neglected the actual water surface profile along the reservoir's 660km length. For example, on 24 July 2012 the water level at the dam was 156m, yet the volume was reported as 24.0km 3 . That is equivalent to assuming a flat surface along the reservoir at 156m. This assumption holds up during times of steady flow, but it underestimates real volume during the flooding season. In fact, on 24 July 2012 the water level in Chongqing at the upstream tip of the reservoir was 187m, forming a wedge of storage of 5km 3 within the reservoir. Such an omission could cancel out about 5% of the water mass difference between the GRACE-WGHM estimates and the TGR-reported volume changes. Nonetheless, the groundwater increase due to TGR impoundment is still significant.
Continued on next page
In summary, the combination of GRACE observations, global hydrological modeling, and in situ observations taken together provide an indirect estimate of groundwater storage increase due to reservoir seepage and associated groundwater recharge increase in the TGR area. After correcting for wedge storage (particularly large during peak flooding), the groundwater increase due to the TGR impoundment is still substantial. The finding of an error in reporting the total water volume in the TGR reduces the uncertainty of groundwater recharge estimates. As a next step, we plan to employ a range of data, such as wellmonitoring data, Landsat images, and other information pertaining to the neighboring lake and reservoir to quantify the total water mass changes beyond the TGR. So doing will enable us to refine the estimate of total seepage and groundwater recharge resulting from operation of the reservoir.
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